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Mr. Joseph S i m t i s J  under a National Science Foundation fellowship for  under- 

graduate research, and guided by members of Project  Hiam,  undertook a study of t h e  

escape of atmospheric gases from Mars. 
seminar i n  the  School of Engineering and Science, New York University. 

during preparation of t h e i r  theses  on atmospheric waves and on chemical react ions 
i n  the  nocturnal ionosphere. 

He presented h i s  preliminary r e s u l t s  a t  a 

Two candidates f o r  t he  Master's degree were advised by members of the  project  

Research s c i e n t i s t s  supported by t h e  grant have prepared the  following summaries 
of t h e i r  work during the  period July - November 1964. 

s. I. Ptasool 

I. HEAT BUDGET OF EARTH-ATMOSPHERE SYSTa 

The study of the  heat budget of the  earth-atmosphere SysternJ u t i l i z i n g  the Tiros  

rad ia t ion  data, was continued in collaboration with Dr. C. Prabhakara. 
r e s u l t s  on the  derived heat balance of the atmosphere and oceans was  presented a t  
the  In te rna t iona l  Symposium on Radiation (sponsored by t he  1.U.G.G.) held a t  

Leningrad, August 5-12, 1964. Geophysical Sciences Laboratory Report No. 65-1, en- 

t i t l e d  "Radiation s tudies  from meteorological satellites", summarizes these results. 

Par t  of t h e  

110 ATMOSPHERE OF MERCURY 

A study of t he  s t ruc tu re  of the  atmosphere of Mercury was a l s o  carr ied out during 

the  past  few months in col laborat ion wi th  Dr. Stan Gross and Mr. Wayne McGovern. The 
e f f e c t  of t h e  possible  presence of CO on the  temperature of t h e  exosphere of Mercury 

has been investigated. 

puted and it has been shown t h a t  if t race  amounts of C02 are present here, as report-  

ed by recent  Russian measurements, i t  may be possible t o  explain the  pzesence of an 

atmosphere w i t h  a pressure of up t o  10 mb. This r e s u l t  may have an important bearing 

on the  recent  observations tha t  the temperature of the  permanently dark s ide  of 
Mercury may be a s  high as 300'K. 
s ide  t o  t h e  dark s ide  in  such a case is atmospheric c i rculat ion.  

Mercury were reported a t  t he  Fourth Western National meeting of the  American Geophysi- 

c a l  Union held a t  Seat t le ,  Washington, December 28-30, 1964. 

2 
The f lux  of t h e  escaping particles on Mercury has been corn- 

The mechanism of t ransport  of heat from the  br ight  

These r e s u l t s  on 
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Joseph S. Hogan 

Two areas of interest were investigated theore t ica l ly  in col laborat ion with 
I 

Dr. C. Prabhalsara of t he  Goddard I n s t i t u t e  f o r  Space Studies, one dealing primarily 

with the  atmosphere of Mars, the other w i t h  the  atmosphere of t he  Earth, 

I. am AND CARBON D I a I D E  HEATING IN THE MARTIAN ATMOSPHERE 

The f i r s t  problen concerned a comparison of the  r o l e s  of ozone and carbon dioxide 

a s  heating agents i n  the  Martian atmosphere and the  r ad ia t ive  equilibrium temperature 
d i s t r ibu t ion  obtained when various amounts of these gases are present. 

This invest igat ion was prompted by recent high-resolution infrared spectroscopic 

measurements by ICaplan, Munch and Spinrad (1964) which resul ted i n  estimates of sur- 
face pressure and atmospheric composition of t he  planet Mars d i f f e r ing  considerably 

from those previously given. In the  l i gh t  of those findings, the  r ad ia t ive  equi l i -  

brium temperature s t ruc ture  of the  atmosphere of cne planet was reexuiiiiid, =it= the 

absorption of so la r  energy i n  the  u l t r a v i o l e t  and v i s i b l e  by oxygen and ozone and i n  

the  near infrared by carbon dioxide included i n  the  calculat ion of atmospheric heat- 

ing, 
The t ransniss ion  functions of carbon dioxide were theore t ica l ly  calculated 

making use of a " s t a t i s t i c a l "  model fo r  band absorption. 

t i ons  were then used t o  evaluate t h e  absorption of so la r  energy i n  the  near infrared 
and t o  inves t iga te  the  r ad ia t ive  t ransfer  i n  t h e  f a r  infrared, The theo re t i ca l  band 

parameters involving the  l i n e  in tens i ty  and mean r a t i o  of t he  l i n e  half-width t o  l ine 
spacing were derived using the transmittance t ab le s  of carbon dioxide presented by 

S tu l l ,  Wyatt and P l a s s  (1964). 

These transmission func- 

The bas ic  photochemical theory of ozone production was used t o  determine a ver- 

t i c a l  ozone d i s t r ibu t ion  consistent with the  r ad ia t ive  equilibrium temperature struc- 

ture ,  

empirical re la t ionships  commonly involved i n  t h e  pressure dependence of carbon diox- 

ide  absorption. 

simplifying assumptions. 

The equation of r ad ia t ive  t ransfer  was numerically integrated avoiding t h e  

The infrared f lux  transmittance was a l s o  calculated without any 

The approach t o  the  r ad ia t ive  t ransfer  problem was not a "time-marching" one i n  
Instead, it was which a f i n a l  solut ion requires  the  rate of heating t o  become zero. 

t r ea t ed  as a steady state problem i n  which equal i ty  between absorbed and emi t t ed  

energies f o r  a l l  l eve l s  is required a t  each step. 

Radiative equilibrium temperatures from the  surface t o  the  100 lin l eve l  were 
calculated.  
from 10 mb t o  50 mb and carbon dioxide amounts from 40 atrn t o  70 atm, the  "tropopause' 

i s  found a t  levels below 10 km, Within these limits of surface pressure and tempera- 

For surface temperatures ranging from 230'K t o  270°K, surface pressures 
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t u r e  and carbon dioxide amounts, tne temperature above the tropcpstse steadily de- 
creases toward a value of about 155'K i n  the upper layers. 
de f in i t e ly  t h a t  no temperature maximum i s  produced by the  absorption of so l a r  energy 

i n  the  utrtraviolet  by ozone o r  i n  the  near infrared by carbon dioxide in t he  Martian 

atmosphere. The maximum ozone number density i s  found a t  t h e  surface of Mars with a 

gradual decrease upward. 

amount found i n  the  Earth 's  atmosphere (about 0.3 cm atm). 

energy absorbed i n  the  Martian atmosphere by oxygen and ozone is  comparable t o  the  

near infrared energy absorbed by carbon dioxide. 

of absorbed energy shows t h a t  below about 20 k. oxygen and ozone absorption is  com- 

parable t o  carbon dioxide absorption, while above t h i s  leve l  carbon dioxide absorp- 

t i o n  becomes much larger.  

The results ind ica te  

The t o t a l  amount of ozone present i s  about one-tenth of t h e  

The t o t a l  u l t r a v i o l e t  

However, t he  v e r t i c a l  d i s t r ibu t ion  

This work resul ted i n  a paper en t i t l ed  "Ozone and carbon dioxide heating i n  the  
t k z t k c  zt,-,esphp,r~'~ vhhich wan presented a t  the  Internat ional  Symposium on Atmospheric 

Ozone i n  Albuquerque, New Mexico i n  ear ly  September 1964. The paper has been accepted 

fo r  publ icat ion i n  the  Journal of Atmospheric Sciences. 

11. EQUILIBRIUM TEMPERATURE DISTRIBUTION OF THE 
MESOSPHERE AND LOWER THERMOSPHERE 

The second area of research concerned the processes governing 

s t ruc tu re  of t h e  Earth 's  atmosphere up t o  a l t i t u d e s  of 100 km and, 

regions known a s  the mesosphere and lower thermosphere. 

the  temperature . 
i n  par t icu lar ,  the  

I n  t h i s  work, infrared t ransfer  by both ozone and carbon dioxide vas considered, 

with the  band parameters fo r  t h e  9 . 6 ~  ozone band obtained by analysis  of Walshaw's 

measurements (1957). 

taken i n t o  account and the  e f f e c t s  of non-local thermodynamic equi l ibr iun were con- 

sidered. 

s u l t s  obtained i n  our previous work t o  below 75 km. 

l i a b l e  ca lcu la t ions  t o  a t  l e a s t  the 100 k~ level.  

Moreover, the  Doppler broadening of the spec t ra l  l i n e s  w a s  

Neglect of these two processes had l imited the  region of v a l i d i t y  of re- 
Their inclusion permitted re- 

Using an expression derived by Harris (1948), a t ab le  was compiled of t he  

f r ac t iona l  absorption Torentz-Doppler convolution l i n e  a s  a function of path length 

and pressure fo r  t he  range of pressures and op t i ca l  paths encountered i n  the atmo- 

sphere. 

exact value of t he  absorption for  a given path length and pressure could be obtained. 

The problem of non-local thermodynamic equilibrium was taken in to  account by 

This t ab le  17as fed in to  t h e  computer PO t ha t  by su i tab le  interpolat ion,  the  

finding a functional form for  the pressure dependent r a t i o  of the  source function t o  

t h e  Planck function. 

are not  frequent enough t o  maintain a Boltzmann d i s t r ibu t ion  among the  energy levels 

It is  known that a t  high leve ls  i n  the  atmosphere, c o l l i s i o n s  
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of the  molecules. 

the Planck function i n  the  v i c i n i t y  of 75 
la ted  both t h e  d i s t r ibu t ion  of t he  source function and of the  Planclr function i n  t h e  

atmosphere, and from t h e i r  r e s u l t s  an ana ly t ic  expression f o r  t he  r a t i o  was obtained. 
The calculated temperature p r o f i l e s  obtained from t h i s  study agree very w e l l  

A s  a r e su l t ,  the source function of the  atmosphere departs  from 
Curt is  and Goody (1956) have calcu- 

with those observed. 

the  v i c i n i t y  of GO la. We observe t h a t  t h i s  temperature minimum r e s u l t s  from t h e  

increased capacity of carbon dioxide t o  control the  temperature of the atmosphere 

a t  these levels due t o  the  Doppler broadening of the  spec t r a l  l ines.  Were it not 

f o r  the Doppler e f fec ts ,  the  atmosphere at these l eve l s  would be found a t  a much 

higher temperature. 

above the  mesopause due t o  the e f f e c t s  of non-local thermodynamic equilibrium, so 

t h a t  the atmosphere responds strongly t o  solar heating by oxygen absorption and the  

temperature increases wich the heij+L. 

Of par t i cu la r  i n t e re s t  is  t h e  appearance of the  mesopause i n  

The eff ic iency of carbon dioxide a s  a cooling mechanism decreases 

A paper describing the  nRturc of t h i s  work e n t i t l e d  "Equilibrium temperature 

d i s t r ibu t ion  i n  the mesosphere and lower thermosphere" w a s  presented a t  the  45th 

Annual Meeting of the  Anericrn Meteorological Society i n  New York City i n  January 

1965, and is  now being prepared for  publication. 
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Joe l  S. Levine 

I. CLOUD COVER ANALYSIS FROM TIROS DATA 

During the  summer I continued t o  assist Dr.  A. Arking of t h e  Goddard I n s t i t u t e  

f o r  Space Studies on h i s  energy-angle d i s t r ibu t ion  ana lys i s  of Tiros v i s i b l e  radia- 

t ion,  and i t s  appl icat ions t o  t h e  study of Tiros cloud cover photographs. 

technique f o r  ana lys i s  of cloud cwer cons is t s  of estimating the  cloud threshold 

value on a computer output series of prints.  

Arking (Science, Vol. 143, No. 3606, pp. 569-572). 

The 

This method has been described by 

Results of t h i s  study were presented by Arking i n  a paper, tlGlobal d i s t r ibu t ion  

of ear th  albedo and cloud cover'l a t  t h e  New York Meeting of the  American Meteorologi- 

ca l  Society, January, 1965. 

11. W G E N  AND OZONE CONCEIJTRATION I N  THE UPPER ATMOSPHERE 

Under t h e  supervision of Dr. Arking and D r .  James C. G. Walker of the  Goddard 

I n s t i t u t e  f o r  Space Studies, I studied the f e a s i b i l i t y  of determining the  oxygen 

and ozone concentration of the  upper atmosphere by ext inc t ion  of stellar u l t ra -v io le t  

radiat ion,  as  observed by an orb i t ing  s a t e l l i t e .  A s  a satel l i te  c i r c l e s  the  earth,  

the ea r th  w i l l  ec l ipse  or  occult  a number of s ta rs .  By observing the  ext inct ion r a t e  

of t he  star's UV flux, we can determine the concentration of the absorbing atmo- 

spheric consti tuents.  

f e a s i b i l i t y  of t h i s  method we must know something about stellar W f lux  values. 

There i s  considerable contradict ion between theo re t i ca l  and observational values of 

stellar W flux. Some recent rocket observations made by t he  Astrophysics Division 

of t h e  Goddard Space P l ight  Center may y ie ld  some new data on t h i s  problem. 

problem encountered was the  high in tens i ty  UV airglow recent ly  observed by rockets. 

It is  our be l i e f  t ha t  a narrow-beam spectrometer w i l l  f i l t e r  out the  br ight  d i f fuse  

W airglow and "see" only the  stellar UV flux, 
d i s t r i b u t i o n  i n  atmosphere devised by Walker, we a r e  ca lcu la t ing  some theore t ica l  

ex t inc t ion  curves for  oxygen absorption of UV a t  d i f f e ren t  wavelengths. 

nique may prove applicable i n  determining the d i s t r ibu t ion  of absorbing const i tuents  

i n  any planetary atmosphere by a fly-by space probe. 

In  order t o  der ive theo re t i ca l  ex t inc t ion  curves t o  test the  

Another 

Using a computer model of the  oxygen 

This tech- 

111. VARIABILITY OF SOLAR W RADIATION 

Under t h e  supervision of Dr.  S. I. Rasool, I have been invest igat ing the  e f f e c t s  

of poss ib le  var ia t ions  i n  so la r  near W radiat ion on the  photochemical equilibrium of 

the  e a r t h ' s  atmosphere. 

spec t r a l  range has been adopted by t h e  Goddard Space F l ight  Center a s  a future  Nimbus 

satel l i te  experiment. 

A s a t e l l i t e  experiment proposed by Rasool t o  observe t h i s  

(Proposal for Measuring Time Variations i n  the  Solar Ultra- 
.:* .. ... .. 
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v i o l e t  Radiation by an Earth S a t e l l i t e ,  Appendix I of Ef fec ts  of Assumed Changes i n  
t he  Near Ultra-violet  Radiation on the  Photochemical Distr ibut ion of Atmospheric 

Ozone and on the  Heating Rates i n  t h e  Stratosphere, by S. I. Rasool, 1963). 

nection with t h i s  satell i te experiment, I accompanied D r .  Rasool t o  the  Goddard Space 

F l ight  Center, Greenbelt, Maryland, on October 6, 1964, t o  discuss  this project  w i t h  

Goddard s c i e n t i s t s  and experimenters. 

I n  con- 

I n  an e f f o r t  t o  find a possible  index of so la r  W var i ab i l i t y ,  we made a s t a t i s -  

t i c a l  study of 10.7 c m  so l a r  radio emission. 

was studied i n  order t o  determine i f  a 26-month period (corresponding t o  t h e  recently 

detected per iodic i ty  02 the  stratosphere) could be found. Power spectrum analys is  

and a 12-month running mean ana lys i s  did not show a 26-month per iodici ty ,  although 

t h e  ana lys i s  did suggest a 6-month per iodici ty  i n  10.7 c m  so la r  radio emission. 

is  our be l i e f  t h a t  3 cm radio emission which or ig ina tes  lower i n  the  so l a r  atmosphere, 

c loser  t o  t h e  l eve l s  of W emission, may be a be t t e r  index of W var i ab i l i t y .  

Solar radio emission from 1947 t o  1957 

It 

Wayne E, McGovern 

The months of July and August w e r e  spent on a var ie ty  of short  term pro jec ts  i n  

order t o  gain a cross sect ion view of the type of research being conducted a t  the  

Goddard I n s t i t u t e  fo r  Space Studies. These pro jec ts  were mainly concerned with tent.. 

perature  and composition models of the ear th ' s  upper atmosphere, under t h e  d i rec t ion  

of Dr .  James C. G. ?Jalker. 

A s  p a r t  of t h i s  or ien ta t ion  period I attended the I n s t i t u t e ' s  summer course i n  

Space Physics given by Dr. Robert Jastrow a t  Columbia University. 
In  September I aided Dr.  Walker i n  attempting t o  determine the  coe f f i c i en t s  of 

recombination, between 120 and 450 kilometers, fo r  the four ions of atomic oxygen, 

molecular oxygen, molecular nitrogen, and n i t r i c  oxide. 

when it became obvious tha t  inherent cumulative e r ro r s  i n  the computer program would 

render very poor r e s u l t s  f o r  the  coeff ic ients .  

This problem was abandoned 

Following th i s ,  under the  d i rec t ion  of Dr .  A. Arking, I investigated mathemat- 

i c a l  techniques f o r  determining the  detai led absorption spectrum of carbon dioxide. 

This pro jec t  likewise showed l i t t l e  promise due t o  l imi ta t ion  i n  computer techniques. 

My next project  tias a consideration of t h e  high microwave rad ia t ion  temperature 

emitted from the  dark s i d e  of Mercury. 

isms f o r  explaining t h i s  phenomenon. 

surface wind f r i c t ion ,  e l e c t r i c a l  dust  storms, and heat transport .  

under the  supervision of Dr .  S. 1. Rasool, who i s  current ly  invest igat ing the  upper 

atmosphere of Mercury. 

several  temperature p ro f i l e s  of Mercury's lower atmosphere, with the  aim of incorpora- 

t i n g  these p r o f i l e s  in to  D r .  Rasool's research. 

This project  examined four possible mechan- 

They were f r e e  emission from the  ionosphere, 

This project  was 

As a continuation of t h i s  project  I am presently constructing 
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Since the  last informal progress report  I v i s i t e d  a t  t he  National Severe Storms 

Laboratory (NSSL) of the  U. S. Weather Bureau a t  Norman, Oklahoma. The purpose of 

t h i s  t r i p  was t o  loca te  data which hopefully may be used t o  ver i fy  some of t h e  theo- 

retical  r e s u l t s  which have already been obtained. 

used for t h i s  ve r i f i ca t ion  e f for t .  The meso-network data for  these two cases have 

been obtained on microfilm frcm NSSL. Supporting synoptic data were a l s o  obtained 

from the  National Weather Records Ccfiter, Asheville, North Carolina. 

t h i s  data i s  now i n  progress. 

! h o  cases were chosen which may be 

The ana lys i s  of 

Although there  has been some e f f o r t  made t o  examine, theoret ical ly ,  t h e  turning 

e f f ec t  on a propagating wave as i t  passes over a three-dimensional h i l l ,  the  problems 

connected with an addi t ional  dhens ion  have, thus far ,  not been solved. It i s  hoped 

tha t  t h i s  turning e f f ec t  may be exanined, observationally, i n  cne C ~ J O  case scudias 

now being performed. 

a l inear ized model which i s  being imes t iga tcd ,  

Some theoret ical  insight  i n to  t h i s  e f f ec t  may be obtained from 

The nxjor  e f f o r t  i n  t he  nsxt six months w i l l  be t o  complete t h e  ana lys i s  of the  

tvo case s tudies  and the  cor re la t ion  of t h e  analysis  with the theore t ica l  r e su l t s ,  

- Eugene E. A. Chermack 

OPTICAL CONSTAIJTS OF PIBSCAGNITE 

3 u r i i g  thc? ear ly  pa r t  of t he  period I helped organize and attended a Conference 

This ccnferance, under t 5 s  joint sponsorship on the Optical Propert ies  of Aeroso1.s. 

of Ne57 York University and the  'J, S. A m ]  Electronics Laboratory, tc)ck place in 

Occober 1964 a t  S te r l ing  Forest, N, Y. C.,rS.dence vas presented at t h e  cor.fereici t o  

indicate  t h a t  high l cve l  acroso1.s can have a s i g d f l c a n t  e f f ec t  ori dovnvard 1ooki.ng 

radicmet2rs. 

The'past  several  norztho have been used for  t he  se t t i ng  up, alignment and ca l i -  

brat ion of a model 113 Peykfn-Elmer monochromazor. 

A t  present t he  monochromatoz 2risu employed is rock salt (NaC 1) which hss a 

useful  transmission range of roughly 1-15 microns. Sicce the, absorption bands cf 

(NI14)2S04, t he  aerosol material  under study, l i e  s s in ly  within t h i s  region, it i s  

probable t h a t  the  EaC 1 prism w i l l  be used for  the  remainder of t he  experiments. 

Several other p r i s m  n a t e r i a l s  have uniform transmission through t h i s  range and even 

beyond 15 microns in to  the infrared; hoTJeVW, t h i s  desirable  charac te r i s t ic  i s  off-  

set by higher cost, higher water so lubi l i ty  and/or generally lower transmission thar? 
rc)cI; s a l t .  
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Calculations have been carr ied out t o  determine t h e  dispersion cha rac t e r i s t i c s  

and the  resolut ion obtainable with the  rock-salt op t ics  i n  t h i s  par t icu lar  mono- 

chromator system. 

Runs w 2 r e  made during the  past  two months f o r  familiarization, ca l ib ra t ion  and 

noise studies,  

Atmospheric C02 and polystyrene f i lm were used t o  ca l ib ra t e  the  instrument i n  t h e  
2-5 micron range and atmospheric H 0 vapor was used i n  the  5-8 micron range. 

t i on  of t he  system in to  the 15 micron region will be effected through th2 use of a 

standard gas ce l l  f i l l e d  with "3. 

type w i l l  be a pressed p e l l e t  of the  pure compound which can be prepared loca l ly  a t  

l i t t l e  o r  no expense. In  addition e f f o r t s  a r e  being made t o  <;brain s ing le  c r y s t a l s  

of t he  pure substance should the  pe l l e t  technique y i e ld  ambiguous o r  unrepeatable 

r e s u l t s  . 

I n  the  1-2 micron region a mercury-arc lamp was used f o r  calibration. 

Calibra- 
2 

Experimental runs using mascagnite samples will begin shortly. The f i r s t  sample 


